Background and Purpose-The brush sign (BS) is the enlargement of medullary veins on 3-T T2*-weighted MRI seen in patients with ischemic stroke because of major cerebral artery occlusion. However, the clinical relevance of BS in patients with acute stroke remains unclear. We assessed the correlation between detecting BS with the development of hemorrhagic transformation after intravenous thrombolysis. Methods-We enrolled consecutive patients with M1 or M2 occlusion treated with intravenous tissue plasminogen activator.
T he brush sign (BS) is the hypointensity of medullary veins detected on 3-T T2*-weighted MRI. BS is reported to be seen in patients with acute ischemic stroke because of major cerebral artery occlusion and may predict ischemic penumbra. 1 Morita et al 1 reported that 96% of patients with major vessel occlusion who underwent 3-T MRI within 12 hours of stroke onset had BS. Previous reports suggest that BS may show ischemic penumbra and that patients who have BS are likely to become worse before discharge. In another report about patients in the chronic phase of Moyamoya disease, BS was reported to predict the severity of ischemia. 2 However, in patients with hyperacute stroke, the proportion of patients with BS and the clinical relevance of BS in terms of the prognosis and treatment remain unclear. We consider 2 contradictory hypotheses about BS in patients with hyperacute ischemic stroke before performing revascularization procedures: the presence of BS is good and the presence of BS is a bad sign.
If BS shows ischemic penumbra, it is likely to improve after recanalization. However, if BS reveals strong ischemia, it is not likely to improve.
In this study, we evaluated whether detection of BS in patients with hyperacute stroke before intravenous (IV) thrombolysis was correlated with the rate of complications or the prognosis.
Materials and Methods

Patients and Clinical Protocol
We prospectively studied consecutive patients with acute anterior circulation ischemic stroke treated with tissue plasminogen activator (t-PA) within 3 hours of stroke onset between October 2005 and December 2011 in our hospital. The inclusion and exclusion criteria for IV t-PA were used in accordance with the Japan Alteplase Clinical Trial. 3 The clinical data were obtained for all patients (details are provided in the online-only Data Supplement).
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MRI Protocol
We included patients who underwent an MRI study on a 3-T imaging system (Signa 3T HDxt; GE Healthcare, Milwaukee, WI) before t-PA infusion. We performed follow-up MRI using 3-T MRI within 24 hours after t-PA therapy with the same protocol as the first MRI. Further details are provided in the online-only Data Supplement. On initial magnetic resonance angiography, we only included the middle cerebral artery (M1 and M2) occluded patients. We defined recanalization on follow-up magnetic resonance angiography as modified Mori grades 2 and 3 and no recanalization as modified Mori grades 0 and 1. 4 On initial T2* imaging, we assessed patients for the presence of BS. BS was defined as follows according to a previous article 1 : an asymmetrical hypointense area along the course of the subependymal and medullary veins in the deep white matter ( Figure 1A and 1B) . Hemorrhagic transformation (HT) was defined as the new appearance of low-intensity lesions on the follow-up T2*-weighted image compared with the initial T2* images.
We classified all patients into 2 groups according to the presence of BS: the patients with BS (P-BS) and the patients without BS (N-BS). First, we investigated the differences in the clinical characteristics and MRI findings (recanalization and HT) between the 2 groups. Next, we examined the risk factors for HT after IV t-PA.
Statistical Analysis
The significance of intergroup differences was assessed using the Fisher exact test for categorical variables and the Mann-Whitney U test for continuous variables. Further details are provided in the online-only Data Supplement.
Results
We performed IV t-PA for 100 patients. Nine patients had posterior circulation strokes. We did not perform MRI in 2 patients with pacemakers and performed 1.5-T MRI in 4 patients. Of the remaining 85 patients, 22 patients had no major vessel occlusion, and we could not accurately evaluate the lesion responsible for the occlusion in 8 patients with body motion artifacts. Also after excluding patients with internal carotid artery occlusion, 36 patients (19 men [53%]; mean age, 74.7±10.6 years) were enrolled in the present study. Of these 36 patients, 25 (69%) were classified into the P-BS group and 11 (31%) into the N-BS group. There were no significant differences between the P-BS and N-BS groups in terms of the baseline characteristics (online-only Data Supplement), including the National Institutes of Health Stroke Scale (NIHSS; median NIHSS on admission, 14.2 versus 13.5; P=0.685).
Twenty-one patients (58%) had M1 occlusions, and 15 (42%) had M2 occlusions. Recanalization was observed in 15 (60%) patients in the P-BS group and 10 (90%) patients in the N-BS group (P=0.116) at 24 hours after t-PA. HT occurred in 18 (50%) patients and was observed more frequently in the P-BS group than in the N-BS group (64% versus 18%; P=0.027; Figure 2 ). The proportion of patients with a good outcome (mRS, 0-1) at discharge tended to be lower in the P-BS group than in the N-BS group (24% versus 45%; P=0.152; Figure in the online-only Data Supplement).
The variables related to HT in the univariate analysis were the initial NIHSS, cardioembolic stroke, and positive BS (data not shown). The results of the multivariate logistic regression analysis are presented in the Table. A positive BS (odds ratio, 9.08; 95% confidence interval, 1.4-59.8; P=0.022) was found to be independently associated with HT in patients who received IV t-PA therapy (Table) .
Discussion
In this article, we first demonstrated that patients who had BS before t-PA therapy tended to have HT. Intracranial hemorrhage is the most common and critical complication after t-PA therapy. [5] [6] [7] Recently, there were several reports that asymptomatic hemorrhage was not truly asymptomatic. 8, 9 Therefore, it is important to predict HT. Cardioembolic stroke, 5 recanalization, 5, 8 ischemic lesion volume, 5 baseline systolic blood pressure, and hyperglycemia were previously reported to be the risk factors for HT after IV t-PA therapy. As previously reported, cardioembolic stroke and recanalization were related to HT, 
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but ischemic lesion volume, a well-established predictor of HT, was not related in our cohort. The reason is that we included only M1 or M2 (excluded internal carotid artery) occluded patients, and all patients have >6 DWI ASPECTS (Alberta Stroke Program Early CT Score on diffusion-weighted imaging). The multivariate analysis showed that BS is the most significantly related factor. BS is considered to be caused by the same mechanism as the blood oxygen level-dependent phenomenon as a result of a relative increase in IV deoxyhemoglobin. 1, 10 The previous report revealed that BS showed ischemic penumbra and provided the information about reversible regions of ischemia.
1 Therefore, we expected that patients with BS would have a good outcome after recanalization because they have penumbra. However, the prognosis of P-BS patients seemed to be worse than that of N-BS patients, contrary to our expectations. One reason for these findings was that the patients in the P-BS group was likely to have M1 occlusion more frequently than those in the N-BS group (68% versus 36%; P=0.141, not significant), and the recanalization rate was lower in the P-BS group than in the N-BS group (60% versus 90%; P=0.116, not significant). Another reason was that patients in the P-BS group experience HT more frequently than those in the N-BS group. Our study included only patients with hyperacute ischemic stroke within 3 hours of onset. We speculate that patients who had BS even in the hyperacute phase were likely to have more severe ischemia and more fragile tissue than patients without BS, and more active oxygen may exist in the area with BS. Therefore, HT was more frequently seen in patients with BS, who had more damage from ischemia, than in patients without BS.
Recently, the indication for t-PA therapy was expanded to 4.5 hours after stroke onset. 11 Our study included only patients treated within 3 hours. It is unclear whether the patients who are treated from 3 to 4.5 hours after onset and have BS on their MRI before t-PA therapy are more likely to have HT. Future studies will be needed to assess these patients.
The present study has several limitations. This is a singlecenter and small cohort study. To confirm our results, further studies including larger cohorts will be needed. Second, we excluded patients with internal carotid artery occlusion because we performed endovascular therapy if they had no recanalization after t-PA therapy. Therefore, another study about patients with internal carotid artery occlusion and endovascular therapy should also be performed.
In conclusion, 69% of patients have BS on 3-T T2*-weighted MRI examined within 3 hours after stroke onset, and the presence of BS predicts the development of HT after IV t-PA therapy.
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Magnetic resonance imaging protocol
We performed the initial magnetic resonance imaging (MRI) studies of all patients before t-PA infusion. Most of the patients underwent a MRI study on a 3-Tesla imaging system (Signa 3T HDxt; GE Healthcare, Milwaukee, WI, USA). In this study,
we excluded the patients we couldn't examined initial MRI or were examined with a On initial MRA, we assessed the presence of major arterial occlusion. Occlusion was searched for in the internal carotid artery (ICA) and middle cerebral artery (M1 and M2).
We excluded the patients who had no occluded vessels on MRA or in whom we were unable to assess the lesion of occlusion because of the presence of an artifact. We defined recanalization on MRA as Modified Mori Grades 2 and 3, and no recanalization as Modified Mori Grade 0 and 1 2 .
On initial T2* imaging, we assessed the patients for the presence of the brush sign (BS). The BS was defined as follows according to a previous paper 3 : an asymmetrical hypointense area along the course of the subependymal and medullary vein in the deep white matter ( Figure 1A, B) . Two physicians, a neurologist and a neurosurgeon, independently assessed the images for the presence of the BS. The intra-observer concordance rate was 0.95. Hemorrhagic transformation was defined as the new appearance of low intensity lesions on the follow-up T2*-WI compared to the initial T2* images.
Statistical analysis
The significance of inter-group differences was assessed using Fisher's exact test for categorical variables and the Mann-Whitney U test for continuous variables.
The statistical analysis was performed using the SPSS ver. 2 software program (Statistical Package for the Social Sciences, Inc. Chicago, IL). A multivariate logistic regression analysis was performed to identify the independent factors associated with hemorrhagic transformation. Variables with a value of p<0.2 in the univariate analysis were included in the multivariate model.
